Introduction
Scandium and manganese abundances in long-lived F and G stars are of high interest not only because they help us to understand the chemical evolution of the Galaxy, but also because they provide some special constraints on nucleosynthesis theory.
It has been long known that α elements like O, Mg, Si, and Ca are mostly produced by Type II supernovae, while some iron-peak elements have significant contributions from Type Ia supernovae. But we have no clear idea how Sc, as an element intermediate between α elements and iron-peak elements in the periodic table, is formed. Sc abundances are available only for a few disk stars, and the two most extensive works on halo stars do not give consistent results. Gratton & Sneden (1991) 
find a solar
Send offprint requests to: P.E. Nissen ⋆ Based on observations carried out at the European Southern Observatory, La Silla, Chile, and Beijing Astronomical Observatory, Xinglong, China Sc/Fe ratio in metal-poor dwarfs and giants, while Sc is found to be overabundant by Zhao & Magain (1990) with [Sc/Fe] ≃ +0.3 in metal-poor dwarfs. Clearly, more detailed abundance information will be useful to reveal the synthesis history of Sc in the Galaxy.
Mn is known to be quite underabundant with respect to Fe in metal-poor stars (Gratton 1989 , McWilliam et al. 1995 Ryan et al. 1996) , but the pattern of [Mn/Fe] Timmes et al. (1995) or if Type Ia SNe make a significant contribution at higher metallicities. Furthermore, the pattern of [Mn/Fe] in disk and metal-rich halo stars is needed for comparison with recent observations of Mn abundances in damped Lyman α systems (Pettini et al. 1999a; 1999b) .
The reason that the Sc and Mn abundance patterns are not well established may be related to the significant hyperfine structure (HFS) of their lines. Data on the HFS of several Sc and Mn lines suitable for abundance determinations of solar-type dwarfs is, however, available. The lack of a consistent study on both elements for disk and metalrich halo stars therefore inspired us to carry out a high precision analysis for a large sample of main-sequence stars selected to have 5300 < T eff < 6500 K, 4.0 < logg < 4.6, and −1.4 < [Fe/H] < +0.1.
Observations
The observational data are taken from two sources: Chen et al. (1999, hereafter Chen99) and Nissen & Schuster (1997, hereafter NS97) . The first sample (disk stars) was observed at Beijing Astronomical Observatory (Xinglong Station, China) with the Coudé Echelle Spectrograph and a 1024 × 1024 Tek CCD attached to the 2.16m telescope, giving a resolution of the order of 40 000. The second sample (kinematically selected halo stars and metal-poor disk stars) was observed with the ESO NTT EMMI spectrograph and a 2048 × 2048 SITe CCD detector at a higher resolution (R = 60 000). The exposure times were chosen in order to obtain a signal-to-noise ratio of above 150 in both samples. The spectra were reduced with standard MIDAS (Chen99) or IRAF (NS97) routines for background correction, flatfielding, extraction of echelle orders, wavelength calibration, continuum fitting and measurement of equivalent widths (see Chen99 and NS97 for details). Figure 1 shows the spectra for one disk star in Chen99 and one halo star in NS97 around the Mn i triplet at 6020Å.
Analysis

Abundance calculation
In Chen99, the effective temperature was derived from the Strömgren b−y color index using the recent calibration by the infrared-flux method (Alonso et al. 1996) . For consistency, stellar temperatures in the NS97 sample (derived from the excitation balance of Fe i lines) were redetermined using the Alonso et al. calibration of b − y. The new T eff 's are on the average 60 K lower than those of NS97 but the rms scatter between the two sets of values is only ±45 K.
Surface gravities in Chen99 were based on Hipparcos parallaxes (ESA 1997) . For the majority of stars in NS97 accurate parallaxes are, however, not available, and surface gravities were therefore determined by requiring that Fe i and Fe ii lines provide the same iron abundance. As shown by Chen99, this leads to gravities consistent with those derived from Hipparcos parallaxes.
Microturbulence velocities were estimated by requesting that the iron abundance derived from Fe i lines with χ > 4 eV should not depend on equivalent width. As shown in Table 2 , the typical error of the microturbulence parameter, ±0.3 km s −1 , has no significant influence on the derived values of [Sc/Fe] and [Mn/Fe] .
The oscillator strengths for two Sc ii lines (λ5657 and λ6604) and two Mn i lines (λ6013 and λ6021) were taken from Lawler & Dakin (1989) and Booth et al. (1984) , respectively, while differential values for another three Sc ii lines and one Mn i line (λ6016) were estimated from an "inverse" analysis of 10 well observed "standard" stars from Chen99 and all stars from NS97. Hence, these lines are forced to give the same average abundances of Sc and Mn as the lines with known gf values for the aforementioned group of stars, but the inclusion of these lines improves the precision of differential abundances. We note, that in the spectrum of the Sun, the Mn i line at 6016Å appears stronger relative to the two other lines. Hence, this line may be blended by a weak line in metal-rich stars, but exclusion of λ6016 in the derivation of Mn abundances does not change the derived trend of [Mn/Fe] significantly.
The damping constant corresponding to collisional broadening due to Van der Waals interaction with hydrogen and helium atoms was calculated in the Unsöld (1955) approximation with an enhancement factor of E γ = 2.5 for both elements. The effect of changing the enhancement factor will be discussed in Sect. 3.3.
The abundance analysis is based on a grid of flux constant, homogeneous, LTE model atmospheres computed using the Uppsala MARCS code with updated continuous opacities (Asplund et al. 1997) . Abundance calculations in the LTE approximation with HFS included were made using the Uppsala SPECTRUM synthesis program by forcing the theoretical equivalent widths, derived from the model, to match the observed ones.
Equivalent widths in the solar flux spectrum were measured from a Xinglong spectrum of the Moon and analyzed in the same way as the stellar equivalent widths using the same grid of models to interpolate to the atmospheric parameters of the Sun. Hence, [Sc/Fe] and [Mn/Fe] are derived in a strictly differential way with respect to the Sun, thereby minimizing many error sources. In particular, we emphasize that possible systematic errors in the gf-values do not affect the relative abundance ratios with respect to the Sun. Table 3 and Table 4 present the derived abundances, together with the atmospheric parameters and equivalent widths, for stars in Chen99 and NS97, respectively.
Hyperfine structure effect
For all Sc and Mn lines used in our analysis, it was investigated how much the HFS affects the derived abundances. The energy splitting and the relative intensities required in the HFS calculation for Sc and Mn are taken from Stef- fen (1985) . His data is mostly based on Biehl (1976) , but he makes a small adjustment to the wavelength shift and the relative intensities, leading to fewer components than Biehl's data. The loggf values for the individual components (see Table 1 ) are then calculated from the relative strengths based on a given total gf value. The results show that HFS has a small influence on the two weak Sc ii lines (λ6245 and λ6604) with a maximum of 0.07 dex at EW ∼ 50 mÅ, but the effect is very significant for the stronger lines (λ5526 and λ5657), reaching 0.1-0.3 dex for the equivalent width range of 30-100 mÅ. The Sc ii 5239Å line (available in the NS97 spectra) is subject to a maximum HFS effect of about 0.1 dex for EW ∼ 50 mÅ.
For the Mn i lines, the abundance deviation between the derivations with and without HFS reaches a maximum of 0.2 dex for the 6013Å line and 0.10 dex for λ6016 and λ6021 at EW ∼ 100 mÅ. We have found that the HFS data of Booth et al. (1983) gives slightly lower Mn abundances than Steffen's (1985) data; the deviation increases with line strength, reaching 0.1 dex for the 6013Å line and 0.04 dex for λ6016 and λ6021 at EW ∼ 100 mÅ. The reason for the discrepancy is unclear. But the original HFS data for λ6013 from Biehl (1976) gives exactly the same abundance as that based on Steffen's (1985) HFS data.
The final abundances are the mean values of the abundances derived from the available lines with HFS according to Steffen (1985) taken into account.
Abundance uncertainties
Abundance errors are mainly due to random errors in the equivalent widths, the uncertainty of the stellar atmospheric parameters, and a possible error in the enhancement factor of the damping constant. An estimate of the first contribution is obtained by dividing the rms scatter of abundances, determined from the individual lines, by √ N , where N is the number of lines. The second kind of uncertainty is estimated by a change of 70 K in T eff , 0.1 dex in logg, 0.1 dex in [Fe/H] and 0.3 km s −1 in microturbulence, typical standard deviations for these atmospheric parameters as estimated in Chen99. Finally, the abundance change caused by a variation of E γ by 50% was calculated. Table 2 presents the errors in the relative abundances for a typical disk star and one of the halo stars. Note, that we have compared the Sc abundance derived from Sc ii lines with the Fe abundance derived from Fe ii lines and the Mn abundance derived from Mn i lines with the Fe abundance derived from Fe i lines. Hence, the ratios are derived from lines having a similar dependence on T eff and logg, which explains the the rather small effect of the uncertainty in the atmospheric parameters. In the case of Sc the uncertainty of the enhancement factor is not important, because the Sc ii lines are quite weak and not of too different strenghts in the solar and the stellar spectra. The Mn i lines show, however, a large variation in equivalent width, from about 100 mÅ at solar metallicity to about 10 mÅ in the metal-poor halo stars (due to the underabundance of Mn with respect to Fe). Hence, the choice of E γ has a significant effect on the slope of [Mn/Fe] vs. [Fe/H]. As seen from Table 2 , an increase of E γ by 50% (from 2.5 to 3.75) increases the derived [Mn/Fe] at [Fe/H] ∼ −0.8 by 0.05 dex, and a decrease of E γ from 2.5 to 1.0 (i.e. no enhancement of the Unsöld approximation for the damping constant) would decrease [Mn/Fe] of the metal-poor stars by about 0.10 dex. Unfortunately, there are no reliable theoretical calculations of the damping constant for the Mn i lines, nor any empirical estimates of E γ from e.g. the solar spectrum.
In addition to the abundance errors estimated in Table 2, possible non-LTE effects should be considered. As the Sc abundance is determined from Sc ii lines and compared to Fe from Fe ii lines, the non-LTE effects on [Sc/Fe] should be small, because the abundances of both elements are based on lines from the dominating ionization stage. The Mn abundances (derived from Mn i lines) may, however, be subject to non-LTE effects due to overionization of Mn i caused by the UV radiation field, especially in the metal-poor stars. According to our knowledge there is no non-LTE calculations of Mn for F and G stars, but noting that the ionization potential of Mn i (7.43 eV) is similar to that of Fe i (7.87 eV) one might expect that the ratio Mn/Fe is not significantly changed by non-LTE effects, when the abundances of both elements are deter- corresponds rather well to the transition between thick disk stars (σ(W ′ ) ∼ 40 km s −1 and ages > 10 Gyr) and thin disk stars (σ(W ′ ) ∼ 20 km s −1 and ages < 10 Gyr) although a clean separation between the two populations is not possible. The thick disk stars may also be contaminated by a few halo stars, whereas the group with V ′ < −175 km s −1 consists of genuine halo stars according to the Galactic orbits computed in NS97. Furthermore, the halo stars can be split up into "low-α" and "high-α" stars according to the abundances of α elements as described by NS97. The low-[α/Fe] halo stars may belong to the "high-halo", resulting from a merging process of the Galaxy with satellite components (NS97), or they may come from low-density regions in the outer halo where the chemical evolution proceeded slowly allowing incorporation of iron from Type Ia SNe at a lower metallicity than in the inner halo and the thick disk (NS97; Gilmore & Wyse 1998) . 
Scandium
As seen from Fig. 2 Pettini et al. (1999a; 1999b) , and with the results of Gratton (1989) Timmes et al. (1995) have shown that nucleosynthesis of Mn in massive stars with a metallicity dependent yield (due to the lower neutron excess in metal-poor stars) explains the trend of [Mn/Fe] rather well, and they argue that Type Ia SNe are not a major contributor to the synthesis of Mn. As seen from Fig. 2 there is, however, a rather sharp increase of [Mn/Fe] around [Fe/H] ∼ −0.7 or even a discontinuity in [Mn/Fe] between the thick disk and halo stars on one side and the thin disk stars on the other side. In fact, the trend of [Mn/Fe] appears to mirror that of the α elements, especially that of O (Edvardsson et al. 1993; Chen99) . This suggests that Type Ia SNe give a large contribution to the production of Mn in the Galactic disk in agreement with the chemical evolution model of Samland (1998) , who finds that 75% of the Galactic Mn is produced in SNe of Type Ia. On the other hand, we note that the "low-α" halo stars do not stand out from the thick disk stars in the [Mn/Fe] -[Fe/H] diagram. If Type Ia SNe make a large contribution to the production of Mn one might expect the "low-α" stars to have higher [Mn/Fe] values than the thick disk stars, because the "low-α" stars were explained by assuming that they were formed from interstellar gas enriched at lower than usual [Fe/H] values with the products of Type Ia supernovae. However, the position of the "low-α" stars in Fig. 2 may be due to cancelling effects; the Type Ia SNe produce no O and fewer α-elements than Type II SNe, and the neutron excess necessary for Mn production may depend more on the overall metallicity than on just [Fe/H] .
Manganese
We conclude that the nucleosynthesis of Mn may be modulated in a complicated way. Moreover, it is hard to understand why a strong underabundance like that of Mn is not present for the other odd-Z iron-peak elements, V and Co. According to the results of Gratton & Sneden (1991) McWilliam et al. 1995; Ryan et al. 1996) with [Mn/Fe] decreasing strongly and [Co/Fe] increasing. Hence, the term "iron-peak" elements does not indicate the products of a single nuclear reaction. These elements may have different origins. Further study of Mn and of other "iron-peak" elements is desirable to understand their synthesis. 
